Water and wastewater treatment and delivery are the most capital-intensive of all utility services. The literature indicates that historically underpriced water and wastewater rates have exhibited steadily high growth in the past fifteen years, while the Consumer Price Index (CPI) of water and sewerage maintenance has outpaced the general CPI by an increasingly wide margin. This paper employs a chained analysis method to examine water and wastewater rates for a group of utilities across U.S. census regions between 2000 and 2014. Results demonstrate that water and wastewater prices for this sample group have consistently increased and have surpassed CPI growth since 2006. Current and upcoming challenges facing water and wastewater utilities suggests that rate increases are likely to continue in the foreseeable future.
INTRODUCTION
Water utilities have historically priced water treatment and delivery at artificially low levels (Beecher 1999) . Low water and wastewater rates for consumers across the United States, enabled by delayed capital improvements and government grant programs, have prompted the widespread perception of potable water as a relatively cheap commodity. Between 2001 and 2013, however, water and wastewater rates a rose steeply, sometimes outpacing the Consumer Price Index (CPI) b by two and a half times (Black and Veatch 2015) . Although rates have risen in the past, sustained, steep rate increases observed in recent years have exceeded previous water and wastewater rate trends.
Many factors have been tied to the rise of water and wastewater rates over the past 15 years.
Water utilities face challenges of drought, source switching and diversification, aging infrastructure that often requires substantial capital investment, population growth and shifts to water-strapped areas or urban centers, and declining demand resulting from conservation efforts and technologies. These financial demands are reflected in rising rates, which may be approaching the actual economic cost of delivered potable water. Underlying drivers behind these rate increases are examined in an LBNL report (Stratton et al. 2016 ) and other existing literature.
Among other factors, financially sustainable rates must (1) enable the utility to recover expenditures through revenues, and (2) be affordable to consumers (Beecher & Shanaghan, 1999) . Despite recent rate hikes, however, 72 percent of water utilities-up from 64 percent in 2015-reported their existing revenue streams are insufficient to cover their financial obligations, including maintenance, debt service, capital investment, and reserves (Black & a For a residential household consuming 7,500 gallons per month. b CPI data available here: http://www.bls.gov/cpi/data.htm.
Veatch 2016). Additionally, only 9 percent report that no changes are required to provide for cost recovery (AWWA & RFC 2014) . Ultimately, the long-term and mounting financial pressures on water utilities suggest that recent patterns of steep rate increases that exceed the economic inflation rate are unlikely to abate in the near future.
This paper (1) discusses water and wastewater c rate trends in the existing literature; (2) employs a chained analysis method to calculate the percent change in water and wastewater rates for a sample of several hundred utilities, in comparison to the Consumer Price Index (CPI) for all urban consumers d ; and (3) briefly examines changes over time in the underlying rate structure for this same sample. The rate trend estimates were determined from biennial surveys conducted by Raftelis Financial Consultants (RFC) and the American Water Works Association (AWWA) (AWWA & RFC 2000 , 2002 , 2004 , 2006 , 2008 , 2010 , 2014 . The biennial surveys represent utilities serving from fewer than 500 to more than 9 million customers, and are organized by utility size and location. The chained analysis methodology, further described in section 4.1, allows the largest possible sample size instead of one restricted to utilities that participated every survey year.
The authors examined rate trends by the four U.S. census regions in which participating utilities are located. The authors do not suggest that these rate trends are representative of those in each of the U.S. census regions, as there is no certainty that the mix of sample utilities located in each census region are representative of the region (in terms of size, water source, population density, or other factors). The authors also aggregated the entire sample to depict a "full sample" category, which indicates the average water and wastewater rate change for the entire utility c Throughout this paper, potable water from the drinking water system is referred to as "water," and sewage or effluent as "wastewater." d Throughout this paper, any reference to "CPI" or "general CPI" can be assumed to be the CPI for all urban consumers (CPI-U), unless otherwise noted.
sample. These results are not intended to be a "national" estimate per se, as there is no assurance that the utilities in the sample are representative of all water and wastewater utilities throughout the U.S. Section 4.1 discusses methodology and data considerations in more detail.
The authors are not aware of any nationally representative study that tracks changes in water rates, particularly those with publicly available data. Further, it is outside the scope of this paper to explore any underlying drivers behind water and wastewater rate trends (e.g., cost recovery, rising infrastructure costs), or the variation in rate trends as they relate to various utility characteristics (e.g., numbers and types of accounts, water source). Research that examines such issues would make valuable contributions to the literature. The authors believe that despite data limitations, this study's estimates of water and wastewater rate trends for utilities in the AWWA & RFC sample are still informative for water utilities, policymakers, and consumers.
BACKGROUND
In the past few decades, the United States has moved from an era of water resource development to one of allocation, while total demand for new water has exceeded new supply in parts of the country (Maxwell 2010 , Maxwell 2012 . Population migration trends generally have been toward more arid regions and toward urban centers, and protecting stream flows for recreation and wildlife has become more customary to include in water source planning.
Meanwhile, options to develop new or alternative water supplies, such as new dams, desalination plants, or long-distance transfers, come at a higher cost. Ongoing and deferred maintenance and expansion of existing infrastructure has also strained financial resources. Such broader factors underlie a recent boost in rates for both raw and delivered water; on average, rates for delivered water have increased five to ten percent per year throughout the past decade, with the annual growth rate increasing over time. One report predicts this trend will continue to accelerate, as regional scenarios show that "sharply increasing water prices that we can empirically observe today in a few selected water-deficient regions are likely to be predictive of trends that will develop in many other parts of the world tomorrow" (Maxwell, 2010) . Table 1 summarizes cumulative and annual rate increases compared to the general CPI for various time periods from the existing literature. These studies together suggest that during the past decade, water rate increases have eclipsed historical prices of a market basket of goods and services.
LITERATURE REVIEW
i Increases as shown in Figure 1 are nominal. These trends may continue in the foreseeable future. Over half (55 percent) of water and wastewater utilities project that annual rate increases of five percent or greater are necessary over the next ten years (Black & Veatch 2015) to meet utility needs. Water and wastewater utilities reported that annual rate hikes will be necessary to fully cover services and ensure funding j An effort was made to contact surveyors to determine whether these increases were real and norminal. If no response was received, we indicated that it was "not specified." sufficiency over the next decade, including operation and maintenance, debt service, replacement and renewal, capital improvements, and sufficient reserve funding (Black & Veatch 2015) . Figure 2 indicates that while the degree of these projections has declined slightly as compared to 2014, many utilities consider rate increases to be necessary to future financial stability.
FIGURE 2 Annual rate increases required for funding sufficiency by percent of respondents
TRENDS IN WATER AND WASTEWATER RATES
This section analyzes the changes in historical water and wastewater rates calculated from the eight AWWA & RFC water and wastewater surveys performed every even-numbered year between 2000 and 2014. A brief overview of the rate structure for utilities in the sample is included as well. These biennial surveys cover a large and diverse sample of water and wastewater utilities, from those with fewer than 500 consumers to those that serve more than 9 million. The water utilities that responded to the 2014 survey serve approximately 38 percent of the U.S. population; responding wastewater utilities serve about 26 percent (AWWA & RFC 2014). While rate trends for both water and wastewater are explored in this analysis, particular emphasis was placed on water rates (for example, the authors augmented the sample with additional data and conducted a subsample analysis for water only). Nearly all participating utilities report a municipal governance model: 97 percent and 99 percent of respondents for water and wastewater utilities, respectively (AWWA & RFC 2014).
The AWWA & RFC surveys analyze the water and wastewater industries separately. The water survey asks utility respondents to provide the fee consumers pay for a given volume of water.
The total consumer tariff is divided into fixed and volumetric charges; separate examination of these two components is outside the scope of this study. The survey reports utilities by state and region, with geographic groupings similar to that of the U.S. Census regions, with the exception that the District of Columbia and Delaware are grouped in the Northeast, rather than the South.
For this analysis utilities were grouped by the census regions in which they are located, and water and wastewater rate change results were aggregated at the regional level. As mentioned previously, the sample of utilities located in a particular census region may not be representative of the region as a whole.
Methodology and data considerations A chained analysis was conducted in order to
determine rate increases and examine the trends in water and wastewater prices for the study period (2000 to 2014). The methodology used was nearly identical for water and wastewater prices, with the exception of peak pricing (there was no information on peak rates for wastewater). Water and wastewater prices and the change in rates were calculated using the steps outlined below.
1. Ensure all rates are reported in the same units, dollars per thousand gallons ($/thous-gal)
in 2014$ using CPI data from the BLS (BLS 2014). Inflation adjustments factors for each survey year were calculated by dividing the annual average CPI for the given survey year by the annual average CPI for 2014 (U.S. Inflation Calculator). For example,
2. For water rates, peak prices were incorporated into the price using the equation below.
k Year-round values are used without weighting.
3. Determine utilities that participate in back-to-back survey years (e.g., 2000 and 2002) , and calculate the percent change in the inflation-adjusted water rates between the two years.
4. Divide the number of residential service accounts of a given utility by the total number of residential service accounts in the appropriate census region to derive the weight for each utility.
5. Multiply the percent change in rates for a given utility by its weight in the census region.
Sum these results for each census region to obtain the weighted average water/wastewater rate change for utilities located each census region.
6. Calculate average water and wastewater rate changes for the utility sample by weighting results from step 5 by the census region population estimates for the given survey year (BLS).
The AWWA & RFC survey has collected rates for almost two decades and represents a significant portion of accounts served in the US by water and wastewater utilities. However, several matters must be kept in mind when viewing the results. One consideration to note is that over the years, the participant pool has grown to include a greater number of utilities. Another k Peak water prices represent an average of four months of the year across sampled years.
consideration is the set of utilities that are sampled for each year of the survey is not consistent over time. While many utilities have participated in the majority (in some cases all) of the surveys, each survey year is composed of a mix of different utilities. The primary purpose of this paper is to examine how water and wastewater rates have changed throughout the past 14 years, and how these adjustments have compared with the CPI. An evolving sample can produce trends that are not solely reflective of the rate changes throughout the study period, but that are potentially influenced by utilities with generally higher or lower rates entering or exiting the sample year to year. Thus, the authors employed a chained analysis method to reduce the unknown effects on price trends of inconsistencies in the sample between survey years.
As previously mentioned, the chained analysis method determines the percent change in rates for each individual utility that partook in paired consecutive survey years; for example, one that The Chained Consumer Price Index for All Urban Consumers (CPI-U) chains together indices of one-month price change to construct the long-term index series in order to reflect ongoing changes in consumer purchases on a granular level. In addition, the Consumer Price Index for
All Urban Consumers (CPI-U) and the Consumer Price Index for Urban Wage Earners and Clerical Workers (CPI-W) are chained on a biennial basis (BLS, 2016) . Another index that rests on a chaining methodology is the Bureau of Economic Analysis's price index for personal consumption expenditures, which is linked together on a quarterly basis (Cage et al. 2003 ).
The survey is not designed to be nationally representative. The participating utilities are not necessarily representative of a particular census region or the nation as a whole. The regional estimates simply represent the sample of utilities that opted into the AWWA & RFC surveys and are located in a particular census region. It should be mentioned, however, that these samples tend to be composed of a diverse mix of participating utilities (e.g., large/small and urban/rural).
Certain regions had more participating utilities than others: the South is particularly wellrepresented, and the Northeast under-represented. Once the survey data were filtered to include utilities that participated in back-to-back survey years, some chained analysis years for utilities located in the Northeast had as few as six utilities. Because of this, the analysis was augmented with results from the Massachusetts Water Resources Authority (MWRA's) annual Water Retail Rate Survey (Favaloro, 2014 Table 2 below for sample sizes of all survey years). The full sample results represent the average water and wastewater rate changes in the entire utility sample. These estimates were calculated by weighting the average results for the utility sample in each census region by its corresponding census population for a given survey year.
These results are not nationally representative, as they are composed of aggregated census region results that may not be representative. Regardless, the authors assume that in order to produce results most indicative of the "typical" water and wastewater rate trends consumers in the U.S.
face, it was appropriate to weight the full sample results by census region population.
Finally, it is important to note that all rates have been adjusted to 2014$; thus all results presented in the following section are real rates or rate increases. Additionally, because all rates are adjusted to 2014 dollars, if nominal rates remained constant between two survey years, they would actually appear as a slight dip in real terms adjusted for purchasing power parity (given inflation). Table 3 presents the weighted average percent change in water rates between each survey for all participating utilities as well as by the census region in which they are located (AWWA & RFC 2000 -2014 . In accordance with the literature, these results show water rate trends rising consistently year to year. Rate increases are evident at the beginning at the study period and become more pronounced, peaking between 2008 and 2010.
Water trends discussion
Examination of rate changes by the census region groupings shows a marked overall increase in water rates. All census regions also exhibit at least one significant rate hike (defined as an increase of at least 15 percent). The trend in water rates for the full sample was also compared to the general CPI, shown in This observation is in line with the data presented in Figure 3 above, as well as Figure 1 , which shows a steeper slope for water and sewerage maintenance CPI in more recent years. 
Water rate subsample results
While the primary focus of this study is the trend of water rates, average water rates (per 1,000 cubic feet) were also calculated. Average water rates have been adjusted for inflation and are presented in 2014$. Because many utilities in the AWWA & RFC surveys were excluded from the sample used in the chained analysis on the grounds that they did not participate in back-to-back surveys, the authors developed a subsample of utilities that consistently participated. A consistent sample of utilities that participated in all eight surveys is ideal for the subsample; however, the resulting small sample size compromised other aspects of the analysis. Thus, the subsample was expanded to include all water utilities that had participated in at least six of the eight surveys, or 93 nationally.
This subsample analysis was conducted to provide a check against the chained analysis sample. Average water rates were also calculated for the sample used in the chained analysis.
The methodology for determining the subsample results is the same as is outlined for the chained analysis in section 5.1,with the exception of calculating percent change. As is the case with the chained analysis, results from these subsamples are at times drawn from small samples (particularly for the Northeast n ), and they are not necessarily representative of each census region.
Average water rates for the subsamples are compared to the chained analysis average water rates in Figure 5 through Figure 9 below. Rates are provided for a consumption volume of 1,000
gallons. The charts appear to corroborate the chained analysis rate results, with the full sample, West, Midwest, and South trend lines following very closely and reporting similar linear equations. The Northeast diverges more substantially, but given the extremely small size of the subsample, its results should be viewed more critically. Overall, the analogous subsample trends n MWRA results are not used to supplement the subsample.
substantiate the chained analysis. No similar data were found to augment the wastewater utility representation in the Northeast. Table 4 is small (see Table 2 for sample sizes) and, therefore, more sensitive to major utilities-primarily in the chained analysis due to its large survey population) saw a 50% increase in rates, thus driving the estimate for rates increases up to 42%. Like water, the trends show an increase in wastewater rates throughout the study period. Total wastewater rate growth exhibited more variation by region than water rates, however. Additionally, it appears that high rate increases were even more common for wastewater services than water-with several instances of rate increases of 20 percent or more. Figure 10 below indicates the average annual wastewater rate change for the beginning half of the study period (2000) (2001) (2002) (2003) (2004) (2005) (2006) , and the latter part of the study period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) FIGURE 10 Average annual (%) change in (real) wastewater rates by region and time period 4.4 Underlying rate structure As mentioned previously, evaluation of factors potentially impelling water and wastewater rate increases is outside the scope of this paper. Nevertheless, this section presents the underlying rate structure of the utilities in the study sample, as changes in these structures may provide some explanatory power for rate changes over time. While the nature of the utility sample limits the authors' ability to assess the impact on varying rate structures on rate trends, we include here an overview of the trends in rate structure over time. Figure indicating rate increases are likely to continue. Rate hikes for water and wastewater will absorb only a part of the financial needs of utilities. This paper indicates a trend of more accelerated rate increases for wastewater than for water, a pattern shown in existing literature (see Table 1 ). On balance, the literature is clear that against the backdrop of higher rates across the country, rates are markedly variable by region. While it was outside the scope of this paper to explore and quantify various factors assumed to impel water price increases-such as drought, water source, infrastructure needs, changes in population patterns, and conservation effects-measuring the impacts of these drivers on tariffs would improve understanding of the institutional rationale behind these higher rates. Definitive conclusions regarding causation cannot be made due to the changing sample of utilities from year to year. Likewise, the non-representative nature of the sample precludes conclusions regarding water and wastewater rates in each of the four census regions, as well as the U.S. as a whole. Further research and data collection efforts on water and wastewater prices and utility characteristics are necessary to reduce uncertainty of the price trends and contribute to better insight into water and wastewater rate trends.
Wastewater trends discussion

